Summary Detailed karyotype analysis of somatic chromosomes in 5 species of Typhonium Schott. of the family Araceae was carried out for the first time. The chromosome number varied from 2nϭ16 in T. flagelliforme to 2nϭ52 in T. diversifollium. Chromosome number 2nϭ18 and 2nϭ26 in T. trilobatum and T. roxburghii respectively suggest formation of anueploids during speciation. The asymmetric karyotype revealed structural alterations with 2 distinct types of chromosomes (long and very short types) as evident in different species of Typhonium. Significant variations in chromosome size were observed among the studied species. TF% revealed sub-metacentric long chromosomes in T. flagelliforme (TF value, 33%) and metacentric short chromosomes in T. diversifolium (TF value, 41%). Average chromosome length varied from 2.03 mm in T. diversifolium, a high altitude species (5000-7000 ft), to 8. The genus Typhonium Schott. of the family Araceae comprises about 79 species distributed mostly in the south-east Asia and north-east Australia (Hay 1993). In India and Indo-Malesian region, the genus is represented by 16 species (Santapau and Henry 1973) . While Typhonium divaricatum (Linn.) Decne occurs mainly in the Penninsular India, T. trilobatum (Linn.) Schott. and T. flagelliforme Decne are the commonly found species in Bengal, Bihar, Orissa and Coromandel coast.
tained in the germplasm bank (Table 1 ). The specimens were identified and deposited in the herbaria of the Botanical Survey of India, Kolkata.
Cytological studies
Young and healthy root-tips were pretreated in saturated paradichloro-benzene and aesculine mixture for 4 h at 18°C followed by overnight fixation in propionic acid : ethanol (1 : 3). Chromosome staining was done in 2% propionic orcein after cold hydrolysis in 5 N HCl for 7 min. Roottips were squashed in 45% propionic acid. Well-scattered 10 metaphase plates were selected for karyotype analysis of each species. The total chromosome length was ascertained by adding the length of all chromosomes in the karyotype and the total chromosome volume of a karyotype was calculated by applying the formula pr 2 h where 'r' and 'h' represent the radius and length of the chromosome, respectively. The form % (F%) of each chromosome was calculated following the method of Levan et al. (1964) . Total form percentage of karyotype was the average of F% of a karyotype. Mean values of total chromosome length and total chromosome volume with standard error were calculated.
Interphase Nuclear Volume (INV)
For scoring of INV data 20 root-tips of about 2.5 mm length derived from each species were fixed in acetic acid : ethanol (1 : 3) for 24 h at 25°C and hydrolyzed in 1 N HCl at 60°C for 12 min. After thorough washings, root tips were put into Schiff's reagent for 1 h at 20°C and kept in the dark for staining. The root tips were squashed in 45% acetic acid; 10 randomly selected nuclei were scored from each root tip in 3 replica. Under oil immersion objectives, mean of the 2 diameters of 372 Cytologia 71(4) P. Das et al. each nuclei, obtained by measuring at right angles to each other, was used to calculate the value of INV using the formula, volumeϭ4/3pr 3 , with 'r' is the radius of the nuclei (Das and Mallick 1993) .
Cytophotometric estimation of nuclear DNA content
For Feulgen cytophotometric estimation of 4C DNA content, 10 fixed root-tips from each species/ecotype derived were hydrolyzed in 1 N HCl for 12 min at 60°C, washed in distilled water and stained in Schiff's reagent for 2 h at 14°C. Each root-tip squash was made in 45% acetic acid separately, 10 scorings were made from each slide and DNA content was estimated from metaphase chromosomes using Nikon Optiphot microspectrophotometer following the method of Sharma and Sharma (1980) with monochromatic light at 550 nm. The experiments were replicated 3 times. In situ DNA were obtained on the basis of optical density which were converted to picograms (pg) using Van't Hof (1965) 4C nuclear DNA values for Allium cepa cv Deshi (67.1 pg) as standard. To find out the significant differences in the 4C DNA content among different species, if any, ANOVA test (Sokol and Rohlf 1973) was performed. The correlation coefficient analysis of different chromosomal parameters was done to find out the relationship between genomic characteristics of species and ecotypes.
Results

Chromosome characteristics
Somatic chromosomes (2nϭ52) in T. diversifolium; (2nϭ26) in T. roxburghii; (2nϭ16) in 3 ecotypes of T. flagelliforme; (2nϭ18) in 2 ecotypes of T. trilobatum and (2nϭ18) in T. venosum were observed. Chromosome length varied significantly from 2.28 mm in T. trilobatum (Eco-I) to 6.52 mm in T. flagelliforme (Eco-II). The smallest chromosomes were observed in T. diversifolium and T. roxburghii whereas the largest chromosomes were found in T. flagelliforme and T. venosum. On the basis of the data on the length of the chromosomes and the position of the constrictions, 4 chromosome types (A, B, C and D) were recognized ( Fig. 1) following the karyotype formula of Levan et al. (1964) .
Type A: Large to medium size chromosome with 2 constrictions, primary constriction was at median and secondary constriction was on sub-terminal in positions.
Type B: Large to medium sized chromosome with 2 constrictions, 1 in sub-median and another-the satellite body on the long arm of the chromosome.
Type C: Medium sized chromosome with median primary constriction. Type D: Medium sized chromosome with sub-median primary constriction. The karyotype analysis showed distinct variations in the chromosome structure (Table 1 and Figs. 2-8 ). All the 4 types of chromosomes i.e. A, B, C and D (Fig. 1) of T. diversifolium; T. roxburghii and T. trilobatum (Eco-I). Secondary constricted A and B type chromosomes were missing in T. venosum. T. flagelliforme (Eco-II and Eco-III) collected from Bhubaneswar did not show B type chromosomes and type A chromosome was missing in Eco-I, however, all the ecotypes had 16 chromosomes. The 3 ecotypes of T. flagelliforme differed in their number of C and D type chromosomes. T. trilobatum (Eco-I and Eco-II) showed equal number of secondary constricted chromosomes; Eco-I had 2 each of A and B type of chromosomes, while Eco-II had only 4 A type chromosomes. The number of secondary constricted chromosomes varied from 2 in T. flagelliforme (Eco-I) to 10 in T. diversifolium. Though median and sub median constricted C and D types of chromosomes were found in all the species, their dose differences were the most striking feature; the minimum (6) and the maximum (36) C type median constricted chromosomes were found in T. flagelliforme (Eco-I) and T. diversifolium respectively; the maximum number (8) of D type chromosomes were present in T. venosum. The genomic chromosome length ranged from 25.21 mm in T. trilobatum (Eco-I) to 59.39 mm in T. diversifolium and the chromosome volume ranged from 27.44 mm 3 in T. trilobatum (Eco-I) to 69.51 mm 3 in T. flagelliforme (Eco-I) ( Table 1 ). The average length of chromosomes varied from 2.28 mm in T. diversifolium to 6.52 mm in T. flagelliforme (Eco-II). The average chromosome volume ranged from 2.03 mm 3 in T. diversifolium to 8.68 mm 3 in T. flagelliforme (Eco-I). The total form percentage (TF%) varied from 33.06 in T. flagelliforme (Eco-I) to 41.25 in T. diversifolium. Significant variations in chrmosome length, volume and TF% were observed among the studied species and ecotypes of the genus Typhonium (Table 1) .
4C nuclear DNA amount and INV
The 4C nuclear DNA amount varied significantly from 6.44 pg in T. trilobatum (Eco-I) to 13.38 pg in T. flagelliforme (Eco-I). Average DNA content per chromosome also varied significantly from species to species (Table 1) (Table 2) .
Discussion
Cytological and karyotype analysis
Some species and the ecotypes of Typhonium naturally occurring at varied ecological conditions (tropical coastline to sub-tropical of Himalayas) were studied. The somatic chromosome number 2nϭ16 was found to be constant in all the studied ecotypes of T. flagelliforme reported for the first time; though all the A, B, C type of chromosomes were common, numerical and structural differences in length and centromeric index were found in their respective karyotypes. Equal number of secondary constricted Type A chromosomes present in 2 out of 3 ecotypes confirmed their constant presence without much structural variability. But the number of primary constricted chromosomes i.e. type B and C varied among the species leading to minor structural changes in the genomic architecture. The somatic chromosomes (2nϭ18) were found in the 2 ecotypes of T. trilobatum and T. venosum; the size of the chromosome were much larger as compared to those of T. diversifolium, and T. roxburghii. Althogh there were very little difference in chromosome size of T. roxburghii with 2nϭ26 and 2nϭ52 respectively. Two distinct types of chromosomes based on the size and on the karyotypes were obtained in the studied species. Smaller chromosomes with symmetric or asymmetric karyotypes were the characteristic feature of T. diversifolium, T. roxburghii and T. trilobatum; where as, comparatively long and symmetric karyotypes were distinct feature of T. flagelliforme and T. venosum.
Evidently, these facts suggests that the structural alterations in chromosomes took place during speciation of the genus Typhonium and eventually got stabilized in evolution. The gradual shifting and alteration of TF% values from 33.06% in T. flagelliforme Eco-I to 41.25% in T. diversifolium might be due to structural alterations in the genome during adaptation to different ecological conditions as a result of duplication or translocation of chromosomes during meiosis. The higher number of metacentric chromosomes in T. diversifolium suggest the genomic characteristics of this species in its cold and high altitude habitat of Kalimpong in West Bengal. The observed highest chromosome volume (61.86 to 69.51 mm 3 ) among the 3 ecotypes of T. flagelliforme might be due to its different predetermined genomic complements. These results suggest that out breeding among the species in a population might lead to permanent changes in genetic make up. The number of secondary constricted chromosomes also varied from 2 to 10 (Table 1) . Evidently, structural changes as well as changes in the amount of heterochromatin played a vital role in inducing differences at species level (Das et al. 1996 , Jena et al. 2002 .
Nuclear DNA analysis genome size and INV
The nuclear DNA amount also differed significantly from 6.44 pg to 13.38 pg among 5 species of Typhonium. This diversity in DNA amount had often been attributed to loss or addition of highly repetitive DNA sequences rather than the AT-or GC-rich sequences in a genome (Martel et al. 1997) that reached a certain level and became stabilized during micro-evolution and gradual selection (Price et al. 1980) .
The average chromosome length, volume, 4C DNA content and INV varied significantly among the species. The average chromosome length and DNA content ranged from 2.28 mm and 0.199 pg in T. diversifolium to 6.52 mm and 8.36 pg in Ecotype-II of T. flagelliforme respectively. The volume per chromosome also varied from 2.03 mm 3 in T. diversifolium to 8.68 mm 3 in T. flagelliforme, Ecotype-I. Correlation coefficient studies revealed significant relationships between average nuclear DNA content and chromosome volume (rϭ0.956) as well as average chromosome length (rϭ0.983) and average INV (rϭ0.959). The 4C DNA values are reported for the first time in these 5 species of Typhonium. However, in the eukaryotic system chromosome volume is determined not only by its DNA, but also by its basic and non-basic proteins. Such variations are similar to other findings in our earlier work on mangroves (Das et al. 1996 , Basak et al. 1998 , Das et al. 2001 , Jena et al. 2002 . The diversity of DNA amount has often been attributed to loss or addition of highly repetitive DNA sequences rather than the AT-or GC-reach sequences in a genome (Martel et al. 1997) which after a certain level got stabilized during micro-evolution and gradual selection (Price et al. 1980) . Such interspecific variations in DNA amount were not exceptional in angiosperm species (Laurie and Bennett 1985 , Rayburn et al. 1989 , Tito et al. 1991 . Further studies on the phylogeny of the Typhonium using different DNA markers might help in understanding the evolution of these taxa and the genomic in situ hybridization might provide further clues to the evolutionary paths and the ancestry for the adaptive characteristics of the genus Typhonium.
